Modulation of soluble guanylate cyclase activity by phosphorylation.
The levels of the cGMP in smooth muscle of the gut reflect continued synthesis by soluble guanylate cyclase (GC) and breakdown by phosphodiesterase 5 (PDE5). Soluble GC is a haem-containing, heterodimeric protein consisting alpha- and beta-subunits: each subunit has N-terminal regulatory domain and a C-terminal catalytic domain. The haem moiety acts as an intracellular receptor for nitric oxide (NO) and determines the ability of NO to activate the enzyme and generate cGMP. In the present study the mechanism by which protein kinases regulate soluble GC in gastric smooth muscle was examined. Sodium nitroprusside (SNP) acting as a NO donor stimulated soluble GC activity and increased cGMP levels. SNP induced soluble GC phosphorylation in a concentration-dependent fashion. SNP-induced soluble GC phosphorylation was abolished by the selective cGMP-dependent protein kinase (PKG) inhibitors, Rp-cGMPS and KT-5823. In contrast, SNP-stimulated soluble GC activity and cGMP levels were significantly enhanced by Rp-cGMPS and KT-5823. Phosphorylation and inhibition of soluble GC were PKG specific, as selective activator of cAMP-dependent protein kinase, Sp-5, 6-DCl-cBiMPS had no effect on SNP-induced soluble GC phosphorylation and activity. The ability of PKG to stimulate soluble GC phosphorylation was demonstrated in vitro by back phosphorylation technique. Addition of purified phosphatase 1 inhibited soluble GC phosphorylation in vitro, and inhibition was reversed by a high concentration (10 microM) of okadaic acid. In gastric smooth muscle cells, inhibition of phosphatase activity by okadaic acid increased soluble GC phosphorylation in a concentration-dependent fashion. The increase in soluble GC phosphorylation inhibited SNP-stimulated soluble GC activity and cGMP formation. The results implied the feedback inhibition of soluble GC activity by PKG-dependent phosphorylation impeded further formation of cGMP.